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ABSTRACT The addition of 1% (wt:vol) aqueous extracts of cocoa (Theobroma cacaoL.) (Malvales:
Malvaceae), coffee (Coffea arabica L.) (Gentianales: Rubiaceae), and green and black tea (Camellia
sinensis L.) (Ericales: Theaceae) provided excellent UV radiation protection for the beet armyworm,
Spodoptera exigua (Hübner) (Lepidoptera: Noctuidae), nucleopolyhedrovirus under laboratory con-
ditions. Aqueous extracts of coffee, green tea, and black tea at 0.5% provided 85Ð100% UV protection,
whereas cocoa provided 50% UV protection. Epigallocatechin gallate (EGCG), a component of green
tea, and caffeine, a component of tea and coffee, also were tested as UV protectants. Both compounds
were ineffective when tested alone. When EGCG and caffeine were combined, UV protection
increased in a synergistic manner, but �35% of the original virus activity was maintained. This study
demonstrated that coffeewascomparable togreen teaandblack teaas aUVprotectant.Further studies
should be conducted to optimize their use in biopesticide formulations.
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Baculoviruses are attractive biocontrol agents against
lepidopterous pests because of their speciÞcity and
safety (Burges and Jones 1986). Despite the advan-
tages of using these environmentally compatible vi-
ruses as microbial control agents, their use has been
limited. One of their major limitations is their sensi-
tivity to solar radiation, especially in the UV portion of
the solar spectrum (David 1969, Dunkle and Shasha
1989, Jones et al. 1993, Shapiro et al. 2008). For the past
30� yr, plant-derived materials have been tested as
UV protectants for insect viruses (Ignoffo and Batzer
1971, Batzer and Ignoffo 1978, Behle et al. 2003,
Arthurs et al. 2006, El Salamouny et al. 2009). One of
the most widely used and effective UV protectants has
been lignin, a natural plant polymer that is found in all
vascular plants and trees. The lignin obtained from
hemlock bark was developed by IMC Corporation,
Libertyville, IL, and named IMC-90001 or Shade. Sev-
eral patents have been issued for lignosulfates as UV
protectants for biopesticides and interest in lignins for
use with biocontrol agents still continues (Tamez-
Guerra et al. 2000, Arthurs et al. 2006, Peng and
Argyropoulos 2007).

For more than a decade, we have been investigating
the use of plant-derived materials as pest control
agents (Abudulai et al. 2001), virus enhancers (Sha-

piro et al. 2007a,b), and sunlight protectants/sun
screens (Shapiro et al. 2008, El Salamouny et al. 2009).
Recently, we showed that 1% water extracts of green
tea provided almost complete protection for the beet
armyworm nucleopolyhedrovirus (SeMNPV) after
UVBradiation in laboratory tests.UnderÞeldconditions,
1 and 5% of green tea extracts were ineffective as UV
protectants.Ata10%concentration, someUVprotection
was provided and UV protection further increased at 20
and 30% in a concentration-dependent manner (Shapiro
et al. 2008). Subsequently, we demonstrated that black
tea was also an excellent UV protectant for SeMNPV (El
Salamouny et al. 2009). Our current study was under-
taken to determine whether cocoa and coffee were as
effective as green tea and black tea as UV protectants for
SeMNPV. In addition, we determined whether two phe-
nolics found in coffee, tea, and cocoa, namely, epigallo-
catechin gallate (ECGC) and caffeine, were as effective
as the complete beverages. The goal of our studies is to
obtain the most effective plant-derived material for pro-
tecting SeMNPV, and possibly other insect microbes,
from degradation by sunlight.

Materials and Methods

Insects and Virus Inoculum. The insect used was a
colonized strain of the beet armyworm established
and maintained by USDAÐARS, Tifton, GA. Larvae
were reared on the Multiple Species diet (Southland
Products, Inc., Lake Village, AR) under laboratory
conditions. The SeMNPV for beet armyworm, regis-

1 Department of Economic Entomology and Pesticides, Faculty of
Agriculture, Cairo University, 12613-Giza, Egypt.

2 3612 Sawyers Mill Drive, Apex, NC 27539.
3 Corresponding author, e-mail: mshprd@clemson.edu.
4 USDAÐARS, Invasive Insect Biocontrol and Behavior Laboratory,

10300 Baltimore Ave., Bldg. 011A, Rm. 214, Beltsville, MD 20705.



tered as Spod-X, was obtained from Certis USA, Co-
lumbia, MD.
Extracts. Four commonly used beverages were

tested as UV protectants: black tea (Lipton, Engle-
wood Cliffs, NJ), green tea (Uncle LeeÕs Inc., South El
Monte, CA), caffeinated coffee (Piggly Wiggly Cor-
poration, Memphis, TN), and cocoa (Hershey, Her-
shey, PA). Each was obtained as a powder, and 1 g of
each was blended in 99 g of distilled water and then
Þltered through coarse cheese cloth. Subsequent di-
lutions of each beverage were made to obtain 0.5 and
0.1% concentrations. The Þltrates were stored at 4�C
until used. In addition to the four beverages, EGCG,
and caffeine obtained from Sigma-Aldrich, St. Louis,
MO, as technical powders were tested alone or in
combination to determine their effectiveness as UV
protectants. Each powder was weighed and added to
distilled water at the standard average concentration
equal to that found in 1 g of green tea was determined
by high-performance liquid chromatography (HPLC)
as described below.
UV Radiation. The UV radiation was provided by

two UVB tubes (each tube: 15 W, 382 mm; Fotodyne,
Inc., New Berlin, WI), which were mounted in parallel
within a Pelco UV-2 cryo chamber (Ted Pella, Inc.,
Redding, CA) 203.2 mm above the test dishes. (Please
refer to Shapiro and Domek 2002 for radiation emis-
sion proÞles.) The UVB radiation treatments exposure
time was for 15, 30, or 300 min.
Exposure of SeMNPV to UVB Radiation. Prelimi-

nary bioassays were conducted to determine which
virus concentration caused 90Ð95% beet armyworm
mortality before UV radiation. As a result of these
assays, SeMNPV was diluted in distilled water (stan-
dard) or a test solution to obtain a Þnal concentration
of 5 � 105 viral occlusion bodies (OBs) per ml. Four
ml of virus suspension was pipetted into a 60- by
15-mm glass dish (Thermo Fisher ScientiÞc, Waltham,
MA) and was exposed to UVB for 15 (Table 1), 30, or
300 min (Table 2). After radiation, the volume was
determined and distilled water was added to each dish
to replace water lost by evaporation. Lids were then
placed on all dishes, and dishes were stored at 4�C until
used. When dishes were removed from the refriger-
ator, 0.1 ml of virus suspension (e.g., SeMNPV/water
and SeMNPV/test material) (�37.4 OB/mm2 of diet
surface area) was applied to the diet surface each
30-ml cup (WL Enterprises Inc., Newark, NJ). In ad-
dition, nonirradiated SeMNPV in water also was in-
troduced into cups as a positive control.

Five-day-old second instars were placed individu-
ally in each cup and were reared at 27�C under lab-
oratory conditions. Tests were repeated Þve times
with 10 larvae per treatment, 10 untreated larvae, and
10 test treatment controls per replicate. Black army-
worm mortality was assessed initially at day 5 and
every 2Ð4 d thereafter until day 14, when the test was
terminated. The percentage of original activity re-
maining (% OAR) was used as the basis of UV pro-
tection and was based upon virus-caused mortality
before and after radiation (Ignoffo and Batzer 1971,
Ignoffo et al. 1977).

UVAbsorbance.UV absorbances of green tea, black
tea, cocoa, and coffee were determined according to
the method used previously by S.E. et al. (unpublished
data). Absorbances of 1% beverage solutions were
analyzed using a spectrophotometer (SpectraMax
Plus384, Molecular Devices, Sunnyvale, CA) in the
range of 190Ð600 nm.
HPLC. The concentrations of EGCG and caffeine

in each beverage UVB radiation were quantiÞed based
on pure standards (Sigma-Aldrich) by using a re-
versed phase HPLC system (Shimadzu Corporation,
Kyoto, Japan) equipped with a SCL-10A system con-
troller, SIL-10AD auto injector, DGU-14A degasser,
LC-10AT pump, and SPD-M10AT UV/VIS photo-
diode array detector set at 280 nm.

Table 1. Mortality of beet armyworm fed SeMNPV that was
exposed to UV for 15 min with and without beverages

Treatmenta
UV

exposureb

(min)

Mortalityc � SE
(%)

OARd � SE
(%)

NPV only 0 96.0 � 2.45a 100.0 � 2.55a
NPV only 15 6.0 � 2.45c 6.3 � 2.55d
Green tea, 1.0% 15 94.0 � 2.45a 97.9 � 2.55a
Green tea, 0.1% 15 20.0 � 5.48bc 20.8 � 5.71bc
Black tea, 1.0% 15 96.0 � 2.45a 100.0 � 2.55a
Black tea, 0.1% 15 16.0 � 5.10bc 16.7 � 5.31cd
Cocoa, 1.0% 15 96.0 � 4.00a 100.0 � 4.17a
Cocoa, 0.1% 15 30.0 � 3.16b 31.3 � 3.29b
Coffee, 1.0% 15 94.0 � 4.00a 97.9 � 4.17a
Coffee, 0.1% 15 30.0 � 7.07b 31.3 � 7.37b

aNPV used at Þnal concentration of 37.4 OBs/mm2 of diet surface.
Five replicates; 10 larvae per treatment per replicate; 10 untreated
control larvae per replicate; 10 beverage-treated larvae per replicate.
b Virus was exposed to UVB/UVB irradiation (15 min) in deionized

water (standard) or in beverage (1.0%, 0.1%).
cMeans within columns with the same letter are not signiÞcantly

different (P � 0.05) by LSD.
dOAR � original activity remaining; mortality on a given treat-

ment 	 mean mortality on unexposed virus � 100.

Table 2. Mortality of BAW fed SeMNPV that was exposed to
UV for 300 min with and without beverages

Treatmenta
UV

exposureb

(min)

Mortalityc � SE
(%)

OARd � SE
(%)

NPV only 0 94.0 � 2.54a 100.0 � 2.61ab
NPV only 300 0.0 � 0.00d 0.0 � 0.00e
Green tea 1.0% 300 88.0 � 4.90ab 93.6 � 5.21abc
Green tea 0.5% 300 88.0 � 5.83ab 93.6 � 6.20abc
Black tea 1.0% 300 94.0 � 4.00a 100.0 � 4.26ab
Black tea 0.5% 300 80.0 � 3.16b 85.1 � 3.36c
Coffee 1.0% 300 90.0 � 5.48ab 95.7 � 5.83abc
Coffee 0.5% 300 96.0 � 2.45a 102.1 � 2.61a
Cocoa 1.0% 300 84.0 � 5.10ab 89.4 � 5.42bc
Cocoa 0.5% 300 46.0 � 2.45c 48.9 � 2.61d

aNPV was used at Þnal concn of 37.4 OBs/mm2 of diet surface. Five
replicates; 10 larvae per treatment per replicate; 10 untreated control
larvae per replicate; 10 beverage-treated larvae per replicate.
b Virus was exposed to UVB/UVB irradiation in deionized water

(standard) or in beverage Þltrate (1.0 and 0.5%).
cMeans within columns with the same letter are not signiÞcantly

different (P � 0.05) by LSD.
dOAR, original activity remaining; mortality on a given treatment 	

mean mortality on unexposed virus � 100. Means within columns with
the same letter are not signiÞcantly different (P � 0.05) by LSD.
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Each beverage solution was mixed well, and three
replicates of each solution were Þltered through
0.45-�m PTFE Þlters (Nalgene, Rochester, NY), and
20 �l of each replicate sample was injected to the
HPLC system. A Nova-Pak C18 analytical column
(Waters, Milford, MA) with the respective guard col-
umn was used to separate EGCG and caffeine at room
temperature, with a ßow rate of 1 ml/min. The eluents
used were 2% acetic acid in water for mobile phase A,
and 100% acetonitrile for mobile phase B with a total
running time of 65 min per sample. The caffeine and
EGCG were separated using a linear gradient of mo-
bile phase B initially 100%; 0Ð50 min 31% B; 50Ð65 min
100% B to equilibrate the system for the next injection.
All the solvents used were HPLC grade, Þltered, and
degassed before use. Calibration curves of the stan-
dards and their concentrations in each beverage sam-
ple based on the standards were obtained using Shi-
madzu 7.2 software (Shimadzu Corporation). The
concentration of EGCG or caffeine in each beverage
was calculated and expressed as a percentage of dry
weight.
Statistical Methods. In all tests of SeMNPV exposed

to UV with or without protectants, mortality was cal-
culated as the number of dead larvae in a given rep-
licate of a given treatment divided by 10. OAR was
calculatedasmortalityonagiven treatmentdividedby
the mean mortality on the treatment of SeMNPV only,
without UV exposure, in each respective experiment.
Mortality data were normalized by arcsine 
% trans-
formation. OAR was not so transformed because it is
possible for some observations to be �100%. Combi-
nations of beverage and concentration or exposure
times, including SeMNPV only, were treated as treat-
ments. These data were then analyzed by analysis of
variance (ANOVA), and means were separated by the
least signiÞcant difference (LSD) test (SAS Institute
2008). In addition, for the test of EGCG and caffeine,
those treatments of SeMNPV with a protectant were
analyzed factorially with protectant and concentra-
tion as main effects. Data on the EGCG and caffeine
content of beverages were analyzed by ANOVA with
means separation by LSD.

Results

UVB Radiation: Beverages, 15 min. Treatment sig-
niÞcantly affected mortality (F9, 40 � 40.38; P �
0.0001) and OAR (F9, 40 � 93.05; P � 0.0001). All
beverages at 1% provided signiÞcantly better protec-
tion than did beverages at 0.1% (Table 1).
UVB Radiation: Beverages, 300 min. Treatment

again signiÞcantly affected mortality (F9, 40 � 28.13;
P � 0.0001) and OAR (F9, 40 � 58.28; P � 0.0001). In
terms of both mortality and OAR, no beverage treat-
ment except black tea and cocoa at 0.5% differed
signiÞcantly from SeMNPV only without UV exposure
(Table 2).
ConcentrationofEGCGandCaffeine inBeverages.

Beverages differed signiÞcantly in concentrations of
both EGCG (F3, 8 � 7657.52; P� 0.0001) and caffeine
(F3, 8 � 543.15; P � 0.0001). All differences in EGCG

among beverages were signiÞcant. Coffee and green
tea did not differ in caffeine content but were both
lower than black tea and higher than cocoa for this
variable (Table 3).
UVB Radiation: EGCG and Caffeine, 30 and 300
min. Treatment signiÞcantly affected both mortality
(F8, 36 � 99.36; P� 0.0001) and OAR (F8, 36 � 192.52;
P � 0.0001). After 30-min exposure, the combination
of EGCG and caffeine protected the virus better than
did either component alone, but the combination did
not provide complete protection (Table 4). Factorial
analysis showed a signiÞcant interaction between
EGCG and caffeine at a 30-min exposure for mortality
(F1, 16 � 19.85; P � 0.0004) and OAR (F1, 16 � 24.38;
P� 0.0001). No mortality occurred on any treatment
exposed for 300 min in this experiment, so no further
statistics are reported for these data.
UVAbsorbance Spectra. In general, UV absorbance

proÞles of green tea, black tea, cocoa, and coffee were
very similar, i.e., absorbance of UVB was high but
declined signiÞcantly in the UVA portion of the UV
spectrum (Fig. 1). However, cocoa was a good ab-
sorber of both UVB and UVA as shown in Fig. 1.

Table 3. Average concentration (milligrams per gram of dry
weight) of EGCG and caffeine in aqueous extracts of green tea,
black tea, cocoa, and coffee determined using HPLC

Green tea Black tea Cocoa Coffee

ECGCa 35.27 � 0.27ba 3.43 � 0.10b 0.27 � 0.04d 1.13 � 0.08c
Caffeinea 23.38 � 0.27b 30.27 � 0.50a 1.58 � 0.05c 23.90 � 0.91b
Total 58.66 33.72 1.85 25.04

aMeans within rows with the same letter are not signiÞcantly
different (P � 0.05) by LSD.
b Average � SE values were from three replicates per beverage.

Table 4. Mortality of beet armyworm fed SeMNPV that was
exposed to UV with or without EGCG and/or caffeine as UV pro-
tectants

Treatmenta
UV

exposureb

(min)

Mortality � SE
(%)

OARc � SE
(%)

NPV only 0 96.0 � 2.45a 100.0 � 2.55a
NPV only 30 6.0 � 2.45c 6.3 � 2.55cd
NPV only 300 0.0 � 0.00d 0.0 � 0.0d
EGCG 30 10.0 � 3.16c 10.4 � 3.29c
EGCG 300 0.0 � 0.00d 0.0 � 0.0d
Caffeine 30 0.0 � 0.00d 0.0 � 0.0d
Caffeine 300 0.0 � 0.00d 0.0 � 0.0d
ECGC � caffeine 30 36.0 � 5.10b 37.5 � 5.31b
ECGC � caffeine 300 0.0 � 0.0d 0.0 � 0.0d

aNPV used at Þnal concentration of 37.4 OBs/mm2 of diet surface.
Five replicates; 10 larvae per treatment per replicate; 10 untreated
control larvae per replicate; 10 ECGC- and 10 caffeine-treated larvae
per replicate. EGCG and caffeine were used at the levels found in 1 g
of green tea (e.g., EGCG � 35.5 � 0.92 mg/g dry weight � SE,
caffeine � 23.39 � 0.22 mg/g dry weight � SE; 3 replicates; HPLC
determinations).
b Virus was exposed to UVB/UVB irradiation (30 and 300 min) in

deionized water (standard) or in test material.
cMeans within columns with the same letter are not signiÞcantly

different (P � 0.05) by LSD.
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Discussion

Plants have been shown to act as repellents or in-
secticides (George et al. 2000, Scott et al.2005, Ka-
runamoorthi et al. 2008), to inßuence host suscepti-
bility to insect viruses (Keating et al. 1988, Farrar and
Ridgway 2000, Hoover et al. 2000, Ali et al. 2002) and
to act as sunlight protectants (Ignoffo and Batzer 1971,
Ignoffo et al. 1977, Hobbs et al. 1999). In our previous
studies, six of 35 spices (Shapiro et al. 2007a) and eight
of 29 medicinal herbs (Shapiro et al. 2007b) acted as
virus enhancers for the gypsy moth, Lymantria dispar
(L.), nucleopolyhedrovirus. Recently, we tested 64
medicinal herb and spice extracts and found that 27
provided almost complete protection for SeMNPV
after UVA radiation. These 27 extracts were then
tested under more stringent conditions (i.e., UVB for
30 and 300 min). Results of this study showed that the
extracts of kudzu, peppermint, and skullcap provided
almost complete UVB protection even after 300 min of
UV exposure (Shapiro et al. 2008). Subsequently, we
showed that black tea was an excellent UV protectant
for SeMNPV under laboratory conditions (El Salam-
ouny et al. 2009). These results were not surprising,
because it had been demonstrated that green tea and
black tea inhibited UVB-induced oxidative damage
(Wei et al. 1999, Huang et al. 2007) and carcinogenesis
(Wang et al. 1994, Lu et al. 2001, Mantena et al. 2005)
in mammalian systems.

In the current study, we expanded our investigation
to include two other widely used beverages with high
concentrations of UV-absorbing phenolics (cocoa and
coffee) (Scalbert and Williamson 2000, Alemanno et
al. 2003, Koshiro et al. 2007) and antioxidants (Radtke
et al. 1998, Lee et al. 2003, Pellegrini et al. 2003). All
four beverages at 1.0% concentration provided excel-
lent UV protection (�95% OAR) during a 15-min UV

exposure. At a lower concentration (i.e., 0.1%), how-
ever, they provided little UV protection (�35% OAR)
(Table 1). To determine which beverages would be
effective as UV protectants under more severe con-
ditions, we increased the UV exposure time from 15 to
300 min (Table 2). Even under these conditions, 1%
green tea, black tea, and coffee still provided excellent
UV protection (i.e., �90 OAR to �99.9% OAR). At the
0.5% concentration, coffee provided excellent UV pro-
tection (i.e., � 95% OAR), green tea and black tea
provided good UV protection (i.e., �80% OAR),
whereas cocoa provided only fair UV protection (i.e.,
�50% OAR) (Table 2). These results were very en-
couraging but failed to identify which of the three
beverages (coffee, green tea, and black tea) was the
most efÞcacious UV protectant. To determine which
is the most efÞcacious beverage we 1) tested lower
concentrations under laboratory conditions and 2)
conducted Þeld tests with SeMNPV on collards, Bras-
sica oleracea L. (Brassicales: Brassicaceae), to deter-
mine the efÞcacy of this system under natural condi-
tions (Shapiro et al. 2008).

As stated, all four beverages are rich in UVB-ab-
sorbing phenolics (CafÞn et al. 2004, Seeram et al.
2006) and are excellent sources of antioxidants (San-
bogi et al. 1998, Karori et al. 2007). For example, CafÞn
et al. (2004) identiÞed 24 constituents from green tea
by using HPLC. The major constituents found were
EGCG (8.9% of dry weight) and caffeine (2.78% of dry
weight), and they accounted for �12% of the total dry
weight. Other compounds such as theogallin, gallic
acid, theobromine, chlorogenic acid, and quercetin
were also present, and 23 of the 24 chemicals had UVB
absorbance peak maxima and two (e.g., kaempferol
3-rhamnosylglucoside and kaempferol glycoside) had
UVA absorbance peak maxima (CafÞn et al. 2004). In
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Fig. 1. UV absorbance spectra of green tea, black tea, cocoa and coffee.
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black tea, the main phenolic compounds identiÞed
were EGCG, four theaßavins, as well as epicatechin
gallate, theogallin, quercetin-3-rutinoside, and 4-caf-
feoyl quinic acid, whereas thearubingins represented
an estimated 75Ð82% of the total phenolics (Rechner
et al. 2002). In addition, caffeine, chlorogenic acid, and
gallic acid also were found in black tea (Ozawa 1982,
Turkmen and Sedat Velioglu 2007). In cocoa, pheno-
lics constitute 12Ð18% (dry weight) in beans (Kim and
Keeney 1984) and caffeine, (�)-epicatechin, (�)-
catechin, quercetin, and theophylline also are found in
cocoa beans (Shively and Tarka 1984, Sanbogi et al.
1998, Thomas et al. 2004). In coffee, the principal
phenolics include chlorogenic acid and breakdown
products such as melanoidins, caffeic acid, caffeine,
and epicatechin (Radtke et al. 1998, Ramirez-Coronel
et al. 2004, Bekedam et al. 2008, George et al. 2008).
Because many of these chemicals are good UV ab-
sorbers and antioxidants (Pellegrini et al. 2003, CafÞn
et al. 2004), it was not surprising that the four bever-
ages provided good to excellent UV protection for
SeMNPV.

Previously, we demonstrated that caffeinated green
tea provided greater UV protection than decaffein-
ated green tea but did not determine “whether max-
imal UV protection was due to a single compound or
to a combination of chemicals in aqueous extracts of
green tea” (Shapiro et al. 2008). Thus, would a single
chemical or even a combination of chemicals have
similar activities of a whole green tea extract that
contains many different compounds acting in a addi-
tive or synergistic manner? The two compounds,
EGCG and caffeine, were chosen because 1) they are
the most abundant chemicals found in green tea (Song
et al. 2003, CafÞn et al. 2004); 2) they both have been
shown to inhibit the detrimental effects of UVB radi-
ation in mammals (Lu et al. 2000, 2007; Katiyar 2003;
Conney et al. 2008; Varma et al. 2008); 3) they have
antioxidant activities (Devasagayam et al. 1996, Kati-
yar et al. 2001, Choi et al. 2005, Karori et al. 2007); 4)
their absorbance maxima is in the UVB portion of the
spectrum (Mittai et al. 2003, CafÞn et al. 2004, Yam-
auchi et al. 2008); 5) they have been found to inhibit
UVB-induced damage (Lu et al. 2000, Katiyar 2003,
Varma et al. 2008); and 6) they occur in green tea,
black tea, cocoa, and coffee (Table 3).

In the current study, we determined the presence
and amount of EGCG and caffeine in 1 g of green tea,
black tea, cocoa, andcoffeebyusing theHPLC(CafÞn
et al. 2004) (Table 3) and then compared the effec-
tiveness of these compounds, alone and in combina-
tion, as UV protectants for SeMNPV at the concen-
tration found in 1 g of dry green tea (Table 4).
Although green tea contained �60 mg/gm dry weight
of EGCG and caffeine, and cocoa contained only �2
mg/gm dry weight of EGCG and caffeine (Table 3),
no differences occurred in their effectiveness as UV
protectants (at 1%) (Tables 1 and 2), indicating that
other compounds also may act as UV protectants.
Moreover, when EGCG and caffeine were used alone,
they were ineffective as UV protectants after UV ex-
posures of 30 min (e.g., 0Ð10% OAR). After 300-min

exposure, they provided no UV protection for SeM-
NPV. When the two compounds were combined, they
seemedtoact synergistically(30-minUV,�36%OAR)
but offered no protection at a 300-min UV exposure
(Table 4). If we compare these results with those
obtained for green tea (30- and 300-min UV) (Table
2) and for EGCG, caffeine, and EGCG � caffeine (30-
and 300-min UV) (Table 4), it is obvious that EGCG
and caffeine alone or in combination were not totally
responsible for the UV protection provided by an
aqueous extract of green tea (�94% % OAR) (Table
2). Thus, green tea, which contains many compounds
with complex interrelations and activities, was much
more effective than one or two compounds by them-
selves or in combination. The signiÞcant statistical
interactions between EGCG and caffeine are consis-
tent with synergism.

Because we have demonstrated that diverse plant
extracts have potential as UV protectants (Shapiro et
al. 2008, El Salamouny et al. 2009), we are continuing
our studies in this promising area to obtain the most
effective UV protectants as our goal is to obtain the
most effective UV protectants as “adjuvants for insect
pathogenic viruses in pest management of agricultur-
ally important insects” (Shapiro et al. 2007a).
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